ABSTRACT Scalable wireless video multicast has been widely studied as an efficient mechanism for real-time video transmission, and scalable video coding alongside adaptive modulation and coding is proposed to address the heterogeneity of networks and user capabilities in next generation mobile communication networks. This paper combines D2D technology with the traditional cellular network to form a hybrid network to improve video subscriber users' experience. The proposed scheme is formulated into a joint mode selection, resource, and power allocation problem based on interference mitigation, which is proven to be NP-hard. Then, we divide it into two sub-problems, where the first one is model selection to maximize the number of D2D users who can access the systems, and the other is to assign appropriate MCS and resource blocks to each video layer. To solve these two problems, we present a greedy algorithm and a heuristic algorithm, respectively. Simulation results show that our hybrid cellular and D2D communications network can effectively increase the capacity of system users, and the mixed network video multicast model can improve the overall system throughput while providing better video quality.
I. INTRODUCTION
LTE was developed by the 3GPP UMTS long term evolution of technical standards in December 2004 and was officially approved and launched at the 3GPP meeting in Toronto. To address the higher demand and more applications of the wireless communication market, the 3GPP seminar discussed the needs and technology of the next LTE system, or ''LTE-Advanced'' [1] . LTE-Advanced significantly increases the spectral efficiency and data transfer rate of the standard. Furthermore, the next generation wireless communication network, or 5G, is expected to increase data traffic 1000-fold by 2020 [2] , [3] . However, such high data rate cannot meet the network traffic demand, in which video is a significant issue. Mobile TV and Video on Demand (VoD) are expected to b5e the main revenue generators in next generation wireless communication networks [4] , and the compound annual growth rate (CAGR) of video service between 2010 and 2020 is 79%.
The operators urgently need an efficient solution for video streaming over LTE networks. Scalable Video Coding (SVC) together with Adaptive Modulation and Coding (AMC) can be used to address the heterogeneity of networks and adapt to the user's ability to receive video [5] . AMC is widely used in mobile communications as a type of link adaptation technique. According to the instantaneous channel and the current radio resources, Evolved Node B (eNB) can select the appropriate Modulation and Coding Scheme (MCS) for users and provide the user with the maximum transfer rates in the current state. However, if the eNB selects a low-level MCS for all users to ensure that low-quality channel users receive video in traditional video multicast, the high quality channel users cannot receive additional HD video [6] . To address that, SVC encodes a video stream into a base layer and one or more enhancement layers. The base layer provides the basic video quality, and bit rate and video resolution can meet the needs of a poor quality channel user. An enhancement layer is successfully decoded by better channel condition users, which relies on the basic layer and all the other lower enhancement layers being decoded correctly. Obviously the more users receive enhancement layers, the better quality the video [7] , [8] .
Although AMC and SVC techniques can improve the user's video quality, limited spectrum resources cannot provide video services for all mobile users, especially when a lot of users exist in a single cellular cell. This makes spectrum resources scarcer. In this scenario, device to device (D2D) communication technology can effectively increase the capacity of system users and improve the throughput of the system, making this technology the focus of video multicast. D2D mobile devices use the LTE radio interface to communicate directly with each other [9] , [10] . D2D uses a cellular network authorized frequency band, which forms a mixed network with the cellular network and uses its own short-range direct communication as one of the key technologies. However, D2D communication utilizing cellular spectrum poses new challenges for the resource allocation scheme. The communication mode between two user equipments (UEs) should be determined whether it uses eNB (cellular mode) or just direct D2D link (D2D mode). Besides, when transmitting layered video with the D2D enhanced hybrid network, we also need to assign proper MCS and resource blocks to each link.
Comparing to the traditional cellular communication system, D2D communication has the advantage of better channel gain, multihop gain and multiplexing gain due to short communication link range [11] . Thus the users can enjoy higher data rate, lower transmission delay and lower energy consumption [12] , [13] . Besides, comparing to other short range wireless technologies, D2D communication can occupy licensed spectrum thus can guarantee users' communication quality [14] . In this paper, we combine D2D technology with the traditional cellular network to form a hybrid network to improve video subscriber users' experience. We formulate the proposed scheme into a joint mode selection, resource and power allocation problem based on interference mitigation, and then prove it as NP-hard. To solve this problem, we divide it into two sub-problems, where the first one is model selection to maximize the number of D2D users who can access the systems, and the other is to assign appropriate MCS and resource blocks to each video layer. Then a greedy algorithm and a heuristic algorithm are proposed respectively.
The remainder of this paper is organized as follows. Related work is surveyed in the next section. Section ?? describes the system model of scalable video multicast based on the mixed network, and studies the resource allocation problem for the scenario in which the cellular users and D2D users are allocated resource dependently. In section IV, we decompose this NP-hard difficulty into two sub-problems, which are solved by greedy and heuristic algorithms, respectively. Section V shows the simulation results and Section VI concludes the paper.
II. RELATED WORK
D2D communication technology can effectively increase the capacity of system users, and improve the throughput of the system, which technology become the focus of video multicast. D2D mobile devices use the LTE radio interface to communicate directly with each other [9] .
Yang designs a social-aware video multicast system leveraging D2D communications, and discusses the radio resource allocation module. Although the system improves the explosive demand on delivering high-definition video steams over cellular networks, it does not involve SVC technology for supporting users receive video [15] . Yu et al. [16] and Min et al. [17] present several common methods of dealing with radio resource management problem, and to reduce interference between users. The introduction of D2D communication in conventional cellular network, which can improve the effectiveness of system, and maximize the number of connected users of the system [18] . In a hybrid network, joint resource allocation and mode selection to reduce the D2D users' interference, improve the throughput of traditional cellular network. However, few articles take practical application problems into account, such as video multicast [19] , [20] , [21] . Jung et al. [22] and Huang [23] present resource allocation scheme and power control for D2D unicast in cellular networks. Bhardwaj and Agnihotri [24] and Peng et al. [25] mention the issue of resource allocation in the D2D multicast, without D2D mode selection. According to D2D link quality in the limited spectrum resource, Lee et al. [21] and Zhou et al. [26] choose MCS for users in the scalable video multicast system. However, they do not explicitly select the appropriate MCS for each video layer, which will waste resource blocks.
To improve the system throughput, a two-stage mode selection algorithm is proposed in [27] . The authors assume all the D2D users working in cellular mode at first, and then decide whether each user can be switched to D2D reuse mode according to the ratio of D2D direct link channel gain to channel gain between the primary user (PU) and base station. Similarly, a mode selection algorithm is proposed according to network traffic [19] , [28] . When network traffic is light, orthogonal mode is selected and reuse mode is selected otherwise. When the traffic is medium, a heuristic algorithm based on matching theory is proposed in the paper. Penda proposes a gaming-theory based mode selection algorithm to reduce transmission power of D2D users in [29] , while a global searching method is proposed in [22] to obtain the optimal energy efficiency. It is worth noting that orthogonal mode is not considered in [22] and [27] . Thus, the system performance can be further improved when all the D2D communication modes are taken into account.
To address these issues, eNB as the center of traditional cellular network video multicast, can combine the D2D communication to form a hybrid video multicast model in this paper. In this mixed network, we propose D2D multicast scheme for SVC transport over LTE networks, to maximum total throughput in the whole network, while guaranteeing the minimum SINR requirements of all cellular users and D2D users which can access the wireless network. Besides, we analyze the D2D user's power control and channel allocation problems, which is equivalent to meet the quality of users' video service. Our scheme can be divided into two parts, first a greedy algorithm is used to maximize the number of D2D users who can access network. Then, a heuristic based resource allocation algorithm for SVC and AMC is proposed in this paper based on the hybrid network model.
III. SCALABLE VIDEO MULTICAST IN HYBRID CELLULAR AND D2D NETWORK
A. SYSTEM MODEL Assuming in the hybrid network there are K (UE 1 , UE 2 , · · · , UE K ) cellular users can receive the layered video from eNB, and N (SU 1 , SU 2 , · · · , SU N ) users requesting to establish N (D2D 1 , D2D 2 , D2D N ) strip D2D links, while cellular subscribers work as transmitters, and the other users as the receivers. All users share the U (C 1 , C 2 , · · · C U ) authorized uplink channels. Assuming the eNB is ready to transfer S video sessions, and D2D user amount is no greater than the number of cellular subscribers in the cellular cell. Because of the limited number of channels, which are not enough to allocated each user, and N ≤ K ≤ U ≤ N + K . So, D2D multicast users must reuse the uplink resources of the cellular users.
Each D2D pair includes a transmitter as the Primary User (PU) and the receiver as the Secondary User (SU). So, The PU in a D2D pair can share cellular channels by using orthogonal radio resources to communicate with the eNB. Therefore, the PUs have the same priority as other UEs to receive video stream data from eNB, and then forward it to SUs. D2D users have two kinds of control mode in the system, centralized control and distributed control. Distributed mode can reduce the signaling interactions between users and eNB, but require the detection signal among users, while centralized mode can schedule the network as a whole and improve system performance. In fact, the number of D2D users is not very large in the hybrid networks, thus centralized control mode is considered in this paper. And we assume eNB can obtain real-time channel state information perfectly. The basic model of the system shown in Figure 1 .
There are some notations and symbols used in this paper, which are listed in Table 1 for ease of reference.
B. INTERFERENCE ANALYSIS
In the video multicast communication system, spectrum resources become scarcer due to the number of mobile users increasing significantly. In addition, the downlink frequency band utilization has been quite high in the scene. So, D2D users use multiplex uplink resources and will generate interference in the community. Obviously the interference is affected by user distance and transmission power. To reduce interference, D2D users are allowed to reuse cellular subscribers uplink resources far from them. The eNB ensures that D2D and cellular subscribers can receive the base layer video to minimize the transmission power of D2D as much as possible. In addition, each D2D user using the same frequency band to communicate will produce more serious interference due to the higher reuse factor. Obviously a higher reuse factor will seriously degrade the system's overall performance. Thus in this paper we constrain that one uplink channel resource can only be reused by one D2D pair simultaneously. To further optimize system performance, we allow D2D users can adjust its transmit power dynamically to reduce the interference in the system network, while all the cellular subscribers' transmission power is fixed, which can be described as P UE k for UE k, and the transmission power collection of PU users is P PU n for PU n. The transmission power collection of SU users is P SU n for SU n. The PU's power cannot exceed the preset maximum P PU max , and the SU's power cannot exceed the preset maximum P SU max . Then the signal-to-interference-plus-noise ratio (SINR) generated by D2D n pair who multiplexes with UE k and shares C u uplink channel can be expressed as:
where we denote P UE k ,C u PU n as the transmission power of P PU n , h PU n ,SU n as the channel gain of PU n to SU n , N 0 as the noise power, and P C u UE k as the transmission power of the cellular user by using orthogonal C u uplink resource, of which the uplink resource is multiplexed by the D2D n user. h UE k ,SU n is the channel gain of UE k to SU n . ρ is a mode indicator, 1 in multiplexed mode and 0 otherwise.
Thus, the interference generated by D2D users can be expressed as:
where h PU n ,eNB is the channel gain of PU n to eNB. Obviously, to reduce interference and protect the QoS requirements of communications uplink between cellular users and eNB, the PU n should reduce transmission power as much as possible. If SU n can receive at least the base layer from video server through eNB, two requirements must be satisfied. First, the PU n must meet the minimum SINR threshold λ thr D2D n requirement. Second, we must choose the D2D user which generate the minimum interference to access the network to ensure the QoS requirements of UEs and PUs and maximize the number of D2D user in system network. These two requirements indicate that we can select and assign D2D users in two steps. We can select all the D2D users that meet the first condition, and denote N as the number of preaccess D2D users. Obviously, interference generated by all the pre-accessed users to eNB cannot exceed the withstanding interference threshold I thr eNB , i.e. if
It is not the final stage. If the interference generated by a single PU n and other pre-access D2D users exceeds I thr eNB , then D2D user who generates the maximum interference should be removed from N . If the maximum interference is I D2D n ,eNB , then β UE k ,C u D2D n = 0, and 1 otherwise. It means that SU n cannot access the network by reusing uplink resources until all the SU users have requested the establishment of D2D communications. Finally, the number of SU users who cannot access the network by reusing uplink resources is represented as N . Besides, if there are still free channels in the network, the available channels can be described as U 0 = U − K − (N − N ), it means that there are U 0 D2D users can use these orthogonal free channels to access the hybrid network. Overall, the channel assignment problem of D2D users can be expressed as:
subject to the following constraints:
The first constraint means that D2D users who access cellular system networks can communicate properly. The second constraint shows that the D2D users who want to access the cellular network to receive streaming video must guarantee that cellular subscribers can receive video. The third restriction shows that to protect the QoS of communications links between cellular users and eNB, the cumulative interference generated by PUs cannot exceed I thr eNB . The transmission power allocation problem of D2D user can be expressed as: (8) subject to the following constraints:
The first limitation means that the PU n transmission power can allow the D2D n user to communicate properly. The second constraint shows that the interference generated by the D2D n transmission power with other users is not greater than I thr eNB in multiplexed mode.
At the same time, the SINR generated by cellular users who use orthogonal free uplink resource can be expressed as:
To allow UE k to receive at least the base layer video, UE k must meet the SINR threshold λ thr UE k , where P C u UE k is the UE k transmission power, and h UE k ,eNB is the channel gain of UE k to eNB. The transmission power of UE k user can be expressed as:
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C. PROBLEM FORMULATION
With the above-mentioned problem of mode selection and power allocation, proper D2D users are selected to access the hybrid network and receive video streams. The eNB will first select a MCS for each video layer and allocate the resource to PUs and UEs. The PUs will receive actual video data and forward it to their SUs according to the immediate link quality. The problem of resource allocation has been widely studied in multicast video streaming, such as average allocation policy [30] , in which the video stream resource particle distribution is based on weights or averages. For convenience, we also use the same idea that allocate resource blocks according to the number of each video stream's subscribers. Assume total number of system resource blocks in each LTE channel frame is T and the total number of video streams is S. Each video stream can be encoded into L layers, and there are M types of encoding schemes. When eNB assign modulation and coding scheme MCS m to video layer l, the data rate for each resource block is R m . Thus when transmitting layer l of video s with bit rate ξ
We define χ
[s]
l,m as an indicate function that is 1 when layer l is modulated with MCS m in video session s, and 0 otherwise. With these parameters, we can introduce a utility function to measure system performance. There are two common methods of measuring performance in which users receive video. One way is to use the analog video streams to test system throughput, and the other way is to use standard video streams to test video services. Both methods are based on the received video bit rate. Because each user has a different reception capability, the effective numbers of layers in the received video are different. Without loss of generality, in this paper, we provide U [s] x (r x ) as a non-negative and non-decreasing general utility function with the user receive rate r x in the video stream s. Thus, the utility of cellular users can be expressed as:
The PUs can receive video data from eNB and then forward to SUs, so the system utility of D2D users can be expressed as:
When PU users has not yet received base layer of video stream, θ
[l] PU n is set to 0, and 1 otherwise. Therefore, the total system utility of the whole hybrid network is the sum of all cellular subscribers' utility and D2D users' utility, and it can be expressed as:
Maximize U total = U D2D + U UE (15) subject to the following constraints:
The first constraint means that each video layer can only select one encoding and modulation scheme for transmission. The second constraint represents the total number of RB as T .
D. HARDNESS OF OPTIMIZATION PROBLEM
In this section, we will show that the above optimization problem is NP-hard. For the single-session MCS problem in the hybrid network, when S = 1, the MCS problem can be written as follows:
i (r [1] i ) (18) subject to:
We prove that it is NP-hard by demonstrating the equivalence of this MCS problem and the bounded knapsack problem (BKP) [31] , [32] . The BKP, which has been proven to be NP-hard, can be described as follows: The capacity of the knapsack is E, and we may put V types of objects into the knapsack. Each object v has a size s v , and a price p v . We assume that the size and price of all items are nonnegative. The goal of the BKP is to determine the objects to maximize total price 
The objective function of the user is U i (r i ) = r i , so the sum utility for the system can be rewritten as:
For a user in set , the utility value is the rate accumulation of all received layers, so:
Therefore, the utility function of the bounded knapsack problem and the optimization problem are identical, and we claim that the proposed optimization problem is NP-hard.
IV. ACCESS CONTROL AND RESOURCE ALLOCATION ALGORITHM
To solve this NP-hard problem, we decompose it into two sub-problems. The first is to select proper D2D users that can access the hybrid network and to assign corresponding channels and power to them, while the second one is MCS selection for each video layer in the video multicast system. For these problems, we present a greedy algorithm for D2D mode selection and a genetic algorithm for the resource allocation problem. Assume the D2D users are randomly distributed within the cell and reuse cellular uplink resources. The proposed greedy algorithm is as follows in Algorithm IV. end if 14: end if 15: end for 16: end for 17: end while 18 
For the second problem, we propose allocation criteria based on a genetic algorithm. The fitness function of genetic algorithms is the objective function of the optimal problem. However, we do not directly use the formula (15) as a fitness function because the utility function is limited and subject to constraints (17) . To eliminate the constraints, we introduce a penalty function. When eNB transmits video streams and requires T 1 resources blocks and T 1 is greater than the total number of system resource blocks T , the objective function subtracts a non-negative penalty function G(T 2 − T 1),which is a dynamic penalty function. If T 2 − T 1 < 0, then G(T 2 − T 1) = 0. Therefore, the optimal model of the problem can be converted to the following shows:
Fitness function can be expressed:
Therefore, the genetic algorithm of MCS scheme selection is listed as follows in Algorithm IV:
Algorithm 2 Genetic Algorithm for MCS Scheme Selection 1:
Step 1: First randomly generated some individuals constitute a population number γ . An individual is made up of L a natural number sequence l m , l m represent the video layer l selecting the modulation and coding scheme m 2:
Step 2: Every individual in the population is evaluated by the fitness values, which are associated with the values of fit(i) 3: Step 3: The population is evolved to form a new one by selection, crossover and mutation. The new population indicates the more suitable P a and P j leading to a larger fit(i) 4: Step 4: Go to Step 2 unless the termination condition is satisfied.
V. SIMULATION AND ANALYSIS
To illustrate the performance of the system model in this paper, simulations based on the scalable video multicast with D2D extensions are carried out in this section. The simulation environment is set as follows: a single eNB is located in a hybrid network environment, with 100 cellular subscribers and 15 SU users who are randomly distributed in the range of the surrounding eNB. The cell radius is 500m and is ready to transfer 5 video streams. Each stream is divided into a base layer and 5 enhancement layers, while each video layer has a fixed video bit rate of 64kbps. Other simulation parameters are set up according to [33] and are provided in Table 2 . The simulation uses the modulation and coding schemes shown in Table 3 .
According to the nature of the input video stream, we set up two different scenarios in the simulation. Moreover, in the simulation, we guarantee that the base layer will be received by users for sure, so there is no frame freeze, i.e. the video playback will not be stopped. We compare our system and algorithms with other two other algorithms. The first one is a D2D enhanced in underlaying cellular network proposed in [26] , which uses a low-complexity algorithm to joint allocate D2D mode, MCS assignment and resource allocation, named 'Underlaying D2D' in the following figures. The second one a transitional video multicast system in cellular network while there is no D2D user can access, named 'Cellular w/o D2D' in the following figures. 
A. ANALOG VIDEO STREAMS
The analog video streams are generated in this scenario. Each stream has a fixed data rate: 64 kbps, and the utility function of the system has a different standard of measurement. First, we define the user's utility function of analog video streaming as a logarithmic function which is suitable for human perception, and the independent variable of the logarithmic function is the received video bit rate. The total utility of the system is the sum of each user. The overall system utility is depicted in Figure 2 . In the simulation, we set uplink channels 100, the number of UEs 100, and the number of SUs 15. In the scenario, there is no free channel, so all the D2D users use the multiplex cellular uplink channel. Besides, from the Figure 2 , it can be seen that our algorithm outperforms its counterpart, with the number of system resource blocks increasing. In addition, compared to the traditional cellular network without D2D enhanced, the system utility of the mixed network increases faster.
The system utility of each layer is depicted in Figure 3 , where T = 70. 
B. STANDARD VIDEO TEST STREAMS
In this simulation scenario, we use five standard test video streams as the video input, called ''Mobile'', ''Harbour'', ''Crew'', ''Foreman'' and ''Mother and Daughter''. 1 The PSNR, with different reception rates, measures the effective video quality. In this paper, the PSNR utility function can be obtained in [34] . We take a standalone video stream to measure the performances of the MCS selection. The simulation result is shown in Figure 5 , where T = 70. Compared to the underlaying D2D network and traditional cellular network without D2D, our algorithm can improve the average PSNR by 5.7 dB and 2.6 dB per user, respectively. Therefore, all the users can receive better quality video.
VI. CONCLUSIONS
Based on the scalable video multicast in traditional cellular networks, the introduction of D2D technology forms a hybrid network that can improve subscriber video experience. In this paper, a joint mode selection and resource allocation model for the mixed network is proposed, in which the D2D multicast users multiplex cellular users uplink resources. The cumulative interference problem caused by the same frequency band multiplexing of D2D users is also addressed. Then, based on the hybrid network model, the scalable video multicast can be considered as an access control, mode selection and resource allocation optimization problem, which can be decomposed into two sub-problems. Then, under the conditions of limited resources blocks, a greedy algorithm is proposed to solve the D2D user access control and MCS selection of video layers based on a genetic algorithm. Finally, simulations are carried out to show the performance improvement of the model and algorithms proposed in this paper. Analog video streams and standard video test streams are used in the experiments, and the results show that under the previously mentioned hybrid network environment proposed, the total utility function value has greatly improved. 
